A Finite Element Modeling (FEM) and simulation was used to investigate the effect of tool rake angle, cutting speed and feed rate on the cutting temperature of TiAl6V4 alloy. The purpose of this study was to find proper cutting parameters for machining of titanium alloy where cutting temperature was lowest. A FEM based on ABAQUS software which involves Jonson-Cook material model and Coulomb's friction law was applied to simulate an orthogonal cutting process. In this simulation work, a range of tool rake angle from 0° to 10°, a range of cutting speed from 300 m/min to 600 m/min and a range of feed rate between 0.1 rev/mm and 0.25 rev/mm were investigated. The simulation results indicated that increase in rake angle reduces cutting temperature while increasing cutting speed and feed rate increase the cutting temperature.
Introduction
Titanium alloys have been used widely for aerospace thin-walled parts such as turbine blades or compressor, aero-engines, biomedical devices, chemical and petroleum industry, etc. The main motivation for application of these alloys is their very good biocompatibility, superior resistance to corrosion, high levels of reliable performance and high specific strength. In addition, they indicate good fatigue resistance that comes in spite of its low density, quite unlike aluminum [1, 2] . However, titanium and its alloys are usually considered as extremely difficult to cut materials because of their low modulus of elasticity, high chemical reactivity with cutting tool material and its high stress and strength ratio at elevated temperature makes the machining further difficult [3, 4] .
In research area of metal cutting process, the prediction of cutting temperature is the most difficult and hot topics. There are several experimental methods such as embedded thermocouple and infrared technique [5] to measure cutting temperatures at tool/chip/workpeice interface. Although, experimental work can obtain accurate results but they are expensive and time consuming. Due to these experimental difficulties many analytical and numerical methods solution have been employed to predict machining temperature. The FEM of metal cutting process is a powerful tool which can predict cutting temperature at tool/chip/workpiece interface before experimental work and may assist in better understanding and recognition of basic machining parameters such as cutting speed, feed rate, depth of cut and cutting tool geometry [6] .
In this work, a finite element method based on ABAQUS software was carried out to investigate the influence of cutting speed, feed rate, and tool rake angle on temperature distribution during machining TiAl6V4 alloy. This could assist in the optimization of the cutting conditions for machining of TiAl6V4.
Simulation Details
For the accurate and realistic prediction of temperature fields, a Johnson-Cook model [7] was used. This model is a strain rate and temperature dependent [8] the thermal visco-plastic behavior of the workpiece model which describes the relationship of stress, temperature, strain and strain rate fields shown in Eq.1.
In the above equation, the parameters A, B, C, n and m are material constants that are found by material tests and include data over a wide range of strain rates and temperatures. In definition of temperature softening term, T is temperature of material, is room temperature or reference and also is melting temperature of a given material. A ε represent the true strain, ̇ is the strain rate and normalized with reference strain rate ̇ . Table 1 shows the Johnson-Cook parameter values used for deformation behavior and Table 2 indicates thermal property of workpiece material and cutting tool. Table 2 . Thermal property of workpiec material and cutting tool [10] . The Johnson-Cook dynamic failure is allowed to occur when the fracture damage criteria D exceed 1 and the concerned element are removed from computation. The damage parameter was calculated for each element and is defined in Eq. 2.
where ̅ is the increment of equivalent plastic strain and ̅ is strain at fracture, under current conditions. According to Johnson-Cook damage law [7] , the cumulative Strain ̅ is updated at every analysis increment and the general expression forthe strain at fracture criteria ̅ is assumed to be separable and given as Eq. 3.
where d 1 -d 5 are failure parameters were experimentally determined and the ratio of p/q is defined where p is the pressure stress and q is the Von Mises stress. Physical shear failure occurred in the model when the damage parameter reached unity. The damage conctant of titanium alloyisused in this simulation are presented in Table 3 . 
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The friction between tool rake face and chip is based on Coulomb's friction law [11] to find temperature distribution along tool-chip distribution. In this case, if a wide range of high cutting speed is considered then friction modeling has been used in previous publications [12] . This model is defined in Eq. 4, where S is frictional stress along the tool/chip interface, is the friction coefficient;
is normal stress on the tool and is the limited shear stress of the material. S =μ when (sliding friction),
S = when (sticking friction)
The tool and the workpiece model were discretized using 4-node bilinear displacement and temperature (CPE4RT) elements with reduce integration. The 2D finite element model of orthogonal cutting is shown in Fig. 1 . 
Effect of Cutting Parameters on Cutting Temperature

Effect of Rake Angle
In order to investigate the effect of tool rake angle on cutting temperature cutting speed and rake angle are set a range of 300-600 m/min and 0°-10° degree respectively, as depth of cut considered 2 mm. The simulation result for different tool rake angle is shown in Figure 2 . Fig. 3 shows temperature obtained at different tool rake angle. It can be clearly seen that cutting temperature reduces with increase in tool rake angle. The maximum temperature, rise due to local heating caused by friction between tool/chip at lower tool rake angle. Additionally, contact length and contact pressure could increase at the low rake angle; therefore, it leads to increase heat generation at deformation zone. These results agree with previous researchers [6] . Fig. 4 shows the effect of cutting speed on cutting temperature at different depth of cut as feed rate and rake angle are set to be in 0.1 mm/rev and 10 degree respectively. The simulation results for different cutting speed shows that with increase cutting speed, cutting temperature dramatically increase at cutting zone. Increasing the cutting speed will rise friction and due to induce an increase in temperature in the deformation zone. In this way, when cutting speed increase from 300 m/min to 600 m/min, cutting temperature increase significantly for all simulated speeds. However, temperature distribution is closely connected to cutting speed in metal cutting process. These results agree with [6] . 
Effect of Cutting Speed
Effect of Feed Rate
The effect of feed rate on cutting temperature is shown in Fig. 5 . In order to investigate the influence of feed rate on cutting temperature, cutting speed and feed rate are varies from 300 m/min to 600 m/min and 0.1 mm/rev to 0.25 mm/rev respectively, as depth of cut reminds constant. It can be easily found that increasing feed rate lead to an increase in cutting temperature. With increase in feed rate, section of chip increases and consequently friction increase as reported by Shaw [13] , these generate more heat in shear zone. In average, as feed rate increase from 0.1 mm/rev to 0.25 mm/rev, the temperature increase in 12%. This result agrees with Guigen [6] . 
Conclusion
From the FEM simulation results when used with the Johnson-Cook material model and Coulomb's friction law for machining of titanium alloy. The effect of rake angle, cutting speed and feed rate on cutting temperature was investigated. It was found that increasing rake angle can contribute decrease cutting temperature. It was also observed that cutting temperature rise as cutting speed and feed rate increase. There was not a direct influence for changing of depth of cut on cutting temperature. As a result, the findings of this study suggest that a good combination among rake angle, cutting speed, feed rate and depth of cut can generate minimum cutting speed during machining of titanium alloys.
